INTRODUCTION
============

Ureter tumors account for 5% of overall transitional cell carcinoma cases \[[@B1]\]. However, bladder recurrence is high after radical nephroureterectomy. According to recent studies, the incidence of bladder recurrence is reported to be 13% to approximately 47% \[[@B2],[@B3]\]. To predict such postoperative bladder recurrence, various biomarkers such as Bcl-2, Ki-67, p53, and PTEN are used \[[@B4]\].

Glucose-regulated protein 78 (GRP78), which serves as a major molecular chaperone at the endoplasmic reticulum (ER), is involved in the folding and assembly of newly synthesized proteins within the ER. Accumulation of misfolded or unfolded protein aggregates in the ER lumen, a condition known as ER stress, leads to the activation of three unfolded protein response signaling pathways. This consequently promotes protein regulation. GRP78 overexpression can be induced by physiological stress, which perturbs ER function and homeostasis. Such overexpression protects against tissue or organ damage under pathological conditions. This suggests an important role for GRP78 overexpression in ureter tumor cell protection. Indeed, its overexpression has been associated with both tumor aggressiveness and an unfavorable prognosis \[[@B5],[@B6]\].

In the present study, we compared pathophysiological characteristics and prognosis in patients who had undergone radical nephroureterectomy for ureter tumors on the basis of the extent of GRP78 and Bcl-2 immunohistochemical expression.

MATERIALS AND METHODS
=====================

1. Materials
------------

This study was conducted on 53 patients who had undergone radical nephroureterectomy for ureter tumors from March 2002 to March 2012 at our institution. GRP78 and Bcl-2 immunohistochemistry was performed with use of the acquired specimens. Depending on the intensity of expression, the specimens were divided into two groups: a group with overexpression and a group with lower expression. We analyzed bladder recurrence and overall survival in the two groups. Time to overall survival was calculated from the date of radical nephroureterectomy to the date of death.

Urine cytology was performed in 3-month intervals in all postoperative patients. Recurrence of bladder and ureter tumors was checked by performing cystoscopy or abdomen computed tomography every 6 months.

2. Methods
----------

After examining hematoxylin- and eosin-stained slides of the tissue samples, two to three most representative regions were indicated on the applicable paraffin block. A tissue microarray (TMA) was produced after sampling the indicated tissue by use of a punch measuring 3 mm in diameter and placing it on a new block. The TMA was cut into a thickness of 5 µm and a serial section was made. It was subsequently attached to a slide covered with poly-L-lysine (Sigma Chemical Co., St Louis, MO, USA) and then dried. Immunohistochemistry was performed by use of the iVIEW DAB Detection Kit reagent using the BenchMark XT (Ventana Medical Systems, Oro Valley, AZ, USA) device. GRP78 (×400; Catalog\# 3158-1, Epitomics Inc., Burlingame, CA, USA) and Bcl-2 (×400; Zymed Laboratories Inc., San Francisco, CA, USA) were used as primary antibodies. All immunohistochemical staining was carried out in an identical environment, and one pathologist evaluated the extent of Bcl-2 and GRP78 expression. Immunostaining was used to grade the extent of immunoreactivity up to grade 4. Grading was scored as 0 when stained tumor cells were not observed at ×200 view, as grade 1 (mild) when stained cells were less than 25% of those observed, as grade 2 (moderate) when stained cells were between 26% and 50%, and as grade 3 (strong) when stained cells exceeded 50%. Among these, GRP78 was defined as overexpressed when graded as strong expression, whereas Bcl-2 was defined as overexpressed when expression was more than moderate ([Fig. 1](#F1){ref-type="fig"}).

3. Statistical analysis
-----------------------

The groups were compared by using SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA). The correlation between the overexpression group and the lower expression group in terms of age, sex, T stage, and nuclear grade was determined by using the chi-square test and linear by linear association method. Multivariate analysis was conducted between the risk factors of recurrence through use of a Cox proportional hazard model. The correlation between the overexpression group and survival rate followed the Kaplan-Meier method. The comparison of survival curve between the two groups was evaluated by using the Wilcoxon and the log-rank test. It was deemed statistically significant when the p value was below 0.05.

RESULTS
=======

The average age of the patients in this study was 65.9 years (range, 41 to 81 years). There were 33 men and 20 women, and the mean postoperative follow-up period was 38 months (range, 13 to 112 months). Fourteen patients (26.4%) experienced bladder recurrence, and there were 4 (7.5%) deaths. All 4 patients died because of their tumor ([Table 1](#T1){ref-type="table"}).

GRP78 was overexpressed in 25 patients (47.2%). When GRP78 was overexpressed, there was a high T stage (p=0.001) and nuclear grade (p=0.007), and a considerable number of cases of bladder recurrence (40.0%, p=0.034). There were no significant differences in age, sex, or tumor location according to GRP78 overexpression (p\>0.05, respectively). Bcl-2 was overexpressed in 16 patients (30.1%), and there were no significant associations in terms of age, sex, T stage, nuclear grade, or bladder recurrence (p\>0.05, respectively) ([Table 2](#T2){ref-type="table"}).

In the multivariate analysis between each risk factor regarding bladder recurrence, the recurrence rate was shown to be higher (p=0.033) as pT stage was higher (p=0.048) and when GRP78 was overexpressed (p=0.033). There was no statistical correlation between age, sex, WHO grade, and Bcl-2 ([Table 3](#T3){ref-type="table"}). When Bcl-2 was overexpressed, there was no correlation between age, sex, T stage, nuclear grade, and bladder recurrence. There was also no correlation in the multivariate analysis. In the Kaplan-Meier survival analysis, the survival rate was significantly lower in the GRP78 overexpression group (p=0.03), but there was no correlation between the overexpression of Bcl-2 and the survival rate (p=0.07) ([Fig. 2](#F2){ref-type="fig"}).

DISCUSSION
==========

Among ureter tumor patients, 13% to 47% exhibit recurrence of transitional cell carcinoma in the bladder after radical nephroureterectomy. The first recurrence is usually 5 to 25 months after radical nephroureterectomy \[[@B7]\]. For ureter tumor patients, postoperative follow-up is a very important factor in successful treatment. Various biomarkers are currently being developed to predict recurrence, but a clinically useful biomarker has yet to be discovered.

GRP78, which serves as a major molecular chaperone bound at the ER, is involved in the folding and synthesis of newly synthesized proteins within the ER. Under normal conditions, GRP78 expression is maintained at a low level in various organs such as the brain, lungs, and heart \[[@B5],[@B6],[@B8]\]. However, GRP78 overexpression can be induced by physiological stress that perturbs ER function and homeostasis. Such overexpression protects against tissue or organ damage owing to pathological conditions such as neurotoxic stress, myocardial infarction, and atherosclerosis \[[@B5],[@B9]\].

On the basis of a multivariate analysis involving lung cancer and neuroblastoma, the mortality risk of lack of expression of GRP is 2.3 times and 3.1 times higher compared with overexpression for each disease, respectively. Hence, GRP78 overexpression is reported to be a favorable prognostic factor \[[@B10],[@B11]\]. Uematsu et al. \[[@B12]\] reported that in patients with upper ureter tumors, the group with GRP78 overexpression tended to have higher disease-free survival than the group with lower expression. A tumor with a lower nuclear grade shows higher GRP78 expression than does a tumor with a higher grade.

However, GRP78 tends to be overexpressed compared with the expression in normal cells in most tumors, and diseases tend to progress as its expression becomes higher. Dong et al. \[[@B13]\] examined a genetic model of breast cancer in GRP78-heterozygous mice and showed that GRP78 acted via three major mechanisms: 1) enhancement of tumor cell proliferation, 2) protection against apoptosis, and 3) promotion of tumor. GRP78 overexpression in cancer cells induces the progression and recurrence of diseases by protecting the tumor itself. Matsuo et al. \[[@B14]\] reported that GRP78 expression increases from visceral adipocytes in endometrial cancer, and the higher the expression level, the higher the probability of disease progression and lower the rate of disease-free survival. Furthermore, Daneshmand et al. \[[@B15]\] claimed that in a study of 153 patients who had undergone radical prostatectomy among hormone-refractory prostate cancer patients, the group with strong GRP78 expression manifested a recurrence rate that was about 2 times higher than that in the group without GRP78 expression. The mortality rate was also 1.8 times higher. With regard to the recurrence in gastric cancer and color cancer (another adenocarcinoma form), Winder et al. \[[@B16]\] reported that the group with a specific GRP78 genotype expression had a 2.6 times higher risk of recurrence and a 3.2 times higher mortality risk than did the group without. Various other reports support these claims \[[@B9],[@B10],[@B17]-[@B21]\].

Even in the present study, the GRP78 overexpression group showed a statistically higher T stage and high nuclear grade. In the multivariate analysis, GRP78 overexpression showed a positive correlation with the recurrence of the tumor in the bladder. Furthermore, according to the Kaplan-Meier analysis, the GRP78 overexpression group had a statistically significantly lower survival rate than did the lower expression group. This conflicted with results of studies by Uematsu et al. \[[@B12]\] regarding the prognosis of ureter tumors mentioned earlier, but the results were enough to support the cell protection mechanism of the overexpression of GRP78 in tumor cells, which Dong et al. \[[@B13]\] suggested in an animal experiment.

Bcl-2 is a protein measuring 25 kDa and consisting of 239 amino acids that has been used in the prognostic evaluation of ureter tumors. It is induced by heat, radiation, various chemicals, and steroids and is vital in suppressing apoptosis. It is specifically associated with regulating the progression of apoptosis.

However, Bcl-2 expression exhibits various prognoses depending on the tumor. Bcl-2 overexpression in prostate cancer, leukemia, neuroblastoma, and high-grade lymphoma is considered an unfavorable prognosis factor but it becomes a favorable factor in lung cancer and breast cancer patients \[[@B22]\]. Joung et al. \[[@B4]\] reported that although Bcl-2 overexpression in 65 ureter tumor patients tended to be associated with a high risk of bladder recurrence, this finding was not statistically significant. Similarly, Masuda et al. \[[@B23]\] reported that according to the univariate analysis of ureter patients, Bcl-2 expression was evaluated as a prognosis factor along with the apoptotic labeling index and mitotic index. However, in the multivariate analysis, Bcl-2 expression tended to be associated with a poor survival rate, but this association was not statistically significant. In the present study of ureter tumors, there was no statistical significance in the multivariate analysis or the Kaplan-Meier analysis regarding bladder recurrence in the Bcl-2 overexpression group and the lower expression group.

Bladder cancer that recurred after radical nephroureterectomy can be detected by repetitive follow-ups with the use of abdomen computed tomography or cystoscopy. However, the problem is that patient compliance drops because the procedure is invasive and considerably expensive. If follow-up is concentrated on patients with GRP78 overexpression as shown by postoperative immunohistochemical staining, the efficiency of the test and patients\' compliance can be enhanced.

CONCLUSIONS
===========

Patients with ureter tumors who have overexpression of GRP78 showed a high T stage and nuclear grade, a considerable frequency of bladder recurrence, and a low survival rate. Therefore, if GRP78 is overexpressed in ureter tumor patients, more aggressive follow-up should be performed after surgery.
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Values are presented as number (%) unless otherwise indicated. WHO, World Health Organization.
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GRP78, glucose-regulated protein 78; WHO, World Health Organization.

^a^:Chi-square test. ^b^:Linear by linear test.
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